Herpes simplex virus type 1 (HSV-1) induces an immediate-early (IE)polypeptide IE 12. An equivalent polypeptide coded by HSV-2 which migrated slightly more slowly on SDS-polyacrylamide gels was identified and designated IE 12.3. Analysis of the serotype of the IE polypeptide induced by five H~V-1/HSV-2 intertypic recombinants when correlated with their genome structures showed that IE 12/ IE 12.3 mapped in the region spanning the TRs/U s junction. Unlike four other IE polypeptides induced by HSV-1 (IEs 175, 110, 68 and 63), IE 12 was not detectably phosphorylated.
INTRODUCTION
The synthesis of both herpes simplex virus (HSV) mRNA and polypeptides is subject to temporal regulation. A group of polypeptides whose synthesis i~ not dependent upon prior herpesvirus protein synthesis has been described. These polypeptides, called immediate-early (IE) (Rakusanova et al., 1971; Preston et al., 1978) or ~ (Honess & Roizman, 1974) polypeptides, are synthesized when cycloheximide is removed from cells which have been infected and maintained in the presence of the drug for several hours. Five HSV IE polypeptides which are usually induced have been recognized. They are IEs 175, 110, 68 and 63 (Honess & Roizman, 1974; Pereira et al., 1977; Preston et al., 1978; Fenwick et al., 1980) and IE 12 (Watson et al., 1979; Preston, 1979b) . IEs 175, 110, 68 and 63 are also designated a ICP 4, 0, 22 and 27 respectively (Honess & Roizman, 1974; Pereira et al., 1977) . Additional polypeptides [e.g. Vmw 136' (143), 87 and 38] are sometimes induced following release from a cycloheximide block Watson et al., 1979; D. M. Macdonald et al., unpublished results) .
The genomic locations for IEs 175, 110, 68 and 63 have been obtained by two independent methods. One involves in vitro translation of size-fractior~ated IE mRNAs whose corresponding DNA sequences are determined either by hybridization of the RNAs to the genome (Watson et al., 1979) or by their initial selection with fragments of HSV DNA (Anderson et al., 1980; Mackem & Roizman, 1980) . The second lnethod involves correlation of the serotype of the polypeptides induced by HSV-1/HSV-2 intertypic recombinants with the genome structure of those recombinants Preston et al., 1978; Wilkie et al., 1978a) . Both methods have given compatible map locations and show that the HSV genome harbours two separate gene locations for both IE 175 and IE 110 while the genes coding IEs 68 and 63 are present in single copies. IE 175 maps within 0.830 to 0-866 (IRs) and 0.964 to 1.000 (TRs); IE 110 maps within 0-000 to 0.038 (TRL) and 0.792 to 0.830 (IRL); IE 63 maps within 0.741 to 0-754 Preston et al., 1978; Wilkie et al., 1978a; Watson et al., 1979; Clements et al., 1979; Anderson et al., 1980; Mackem & 0022-1317/82/0000-5068 $02.00©1982 SGM H. S. MARSDEN AND OTHERS Roizman, 1980) . The mRNA for IE 68 has its 5' end in IRs (Mackem & Roizman, 1980; Watson et aL, 1981; Rixon & Clements, 1982) . More precisely, the 5' end maps approx. 500 bases from the EcoRI b-h site in IRs; the message is spliced and of total length 1710 bases (Watson et al., 1981; Rixon & Clements, 1982) . The map location of IE 12 has not yet been published although transcript mapping and DNA sequencing data suggest a location in U s close to the TRs/U s junction. Watson et al. (1979) showed IE 12 was translated from an mRNA fraction which hybridized to three regions of the genome defined by map coordinates 0.741 to 0.754 (UL), 0"865 to 0"898 (IRs/Us) and 0.938 to 0.964 (TRs/Us). Recently, both Watson & Vande Woude (1982) and M. J. Murchie & D. J. McGeoch (unpublished results) have sequenced a region of the genome spanning the TRs/U s junction and have identified a sequence in U s, starting six bases from TR s, which could code for a polypeptide of 87 amino acids. The predicted mol. wt. of 9830 for this polypeptide is quite compatible with the mol. wt. of 12000 estimated from SDS-polyacrylamide gels. However, direct evidence that the sequence actually encodes a polypeptide is lacking. Here we provide strong evidence, by analysis of five intertypic recombinants, that IE 12 maps within TRs/U s.
It has previously been shown that the four IE polypeptides, IEs 175, 110, 68 and 63, are phosphorylated (Pereira et al., 1977) . We have investigated whether IE 12 is phosphorylated and present data showing that it is not.
METHODS
Cells. BHK-21 clone 13 cells (Macpherson & Stoker, 1962) were grown in Eagle's medium supplemented with 10% calf serum. HFL cells are a line of human foetal lung cells established by Dr B. Carritt. They were grown in Eagle's medium supplemented with 10% foetal calf serum and 1% non-essential amino acids. Mouse Balb/3T12-3 cells were obtained from Flow Laboratories and grown in Dulbecco's medium supplemented with 10 % foetal calf serum.
Virus. HSV-1 strain 17 syn + and HSV-2 strain HG52 have been described previously (Brown et al., 1973; Timbury, 1971) . The HSV-1/HSV-2 intertypic recombinants RD2 (Stow & Wilkie, 1978) , RD 104, RD 113, RD213 and RD216 (Davison, 1981) were isolated by marker rescue of the HSV-1 temperature-sensitive mutant tsD with fragmented HSV-2 DNA.
Chemicals. Cycloheximide was purchased from Sigma. Actinomycin D was purchased from both Sigma and Merck & Co. All other chemicals were from either Sigma, BDH or Bio-Rad Laboratories.
Radioisotope labelling and SDS-polyacrylamide gel electrophoresis of immediate-early polypeptides. IE polypeptides were labelled by the procedure used by Honess & Roizman (1974) except that actinomycin D was added 15 min before the cycloheximide block was released . Cells were labelled for 40 min either in phosphate-buffered saline (PBS) with [35S]methionine (Amersham International, sp. act. >600 Ci/mmol) at a concentration of 200 gCi/mt or in phosphate-free medium supplemented with 1% foetal calf serum with [JZP] orthophosphate (Amersham International) at a concentration of 400 gCi/ml. In some experiments, ceils were separated into nuclear and cytoplasmic fractions as described by Preston (1979b) . SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and autoradiography were performed as described by Marsden et al. (1978) .
Preparation of in vivo labelled 32p virus DNA. Confluent monolayers of BHK-21 cells in 90-mm Petri dishes were incubated overnight at 37 °C in 10 ml phosphate-free Glasgow's modified Eagle's medium supplemented with 1% calf serum. The cells were then infected at 31 °C at a multiplicity of infection of 3. After adsorption of the virus for 1 h, the cells were washed and incubated in 10 ml of the same medium. Two h post-adsorption, 1 mCi
[32p]orthophosphate (Amersham International, carrier-free) was added to each plate and the cells incubated for 3 days at 31 °C. Labelled virus DNA was then isolated (Lonsdale, 1979) .
DNA fragment isolation and restrietion endonuelease analysis. Purification of virus DNA fragments and conditions used for restriction endonuclease digestion and gel electrophoresis were as described previously (Clements et al., 1976; Wilkie, 1976) . Physical maps of HSV-1 (strain 17) and HSV-2 (strain HG52) DNAs for the restriction endonucleases XbaI, HindIII, EeoRI, HpaI, BglII, KpnI and BamHI have been published previously (Wilkie, 1976; Cortini & Wilkie, 1978; Preston et al., 1978; Wilkie et al., 1978b) as has the SmaI map of HSV-1 BamHI k and the SstI map of HSV-2 BamHI g (Davison, 1981) .
RESULTS

Genome structure of the five recombinants used
Earlier analysis of the intertypic recombinant RD2 using restriction endonucleases EeoRI, XbaI and KpnI by Stow & Wilkie (1978) showed it to contain HSV-I DNA sequences with an insertion of HSV-2 DNA sequences between 0.95 and 0-96 units of the genome with regions of uncertainty occurring between 0-93 and 0.95 and between 0.96 and 0-99. We have examined in greater detail the genome structure of this recombinant.
32p-labelled infected cell DNA was prepared from the recombinant RD2 and from the parental viruses and was analysed using the enzymes BamHI, SmaI and SstI ( Fig. 1, 2) . Tracks 1 to 6 of Fig. 1 show the fragments produced by a BamHI digest of DNA from cells infected with 17 syn +, RD2 and HG52 respectively. Tracks 1 to 3 show these fragments resolved on a 1% agarose gel while tracks 4 to 6 show them resolved on a 4% polyacrylamide gel. In the digest of RD2 DNA there were fragments which co-migrated with all of the HSV-1 DNA fragments except x, y (2 molar), z, l', m' (2 molar) and n'. Present in the digest were the HSV-2 fragments a', b', g', k' and m' although the concentration ofg' and m' was reduced from the normal 2 molar to 1 molar. A novel fragment co-migrated with HSV-2 a' and HSV-I w as evidenced by the increased intensity of the band there.
To determine whether the 1 molar HSV-2 BamHI fragments g' and m' present in RD2 were contained within IR s or TR s the following experiment was performed. The HSV-2 XbaI i fragment (coordinates 0.948 to 1.000) which contains TR s was isolated from digests of the DNA of both RD2 and HG52 and recleaved with BamHI. The fragments generated are shown in tracks 7 and 8 of Fig. 1 . Clearly, XbaI i DNA contained HSV-2 g' and m' and, thus, these fragments are contained within TR s of RD2. Also found within XbaI i were BamHI k' and the fragment (asterisked) between BamHI b'/k' and the XbaI site.
The data discussed above place the left-hand limit of the crossover in TR s at BamHI g'-u (the BamHi site between HSV-2 fragments g' and u; Fig. 2b ) while the right-hand limit is defined by the data of Stow & Wilkie (1978) as KpnI a-r. The left-hand limit of the crossover in U s is at BamHI c'-d' and the right-hand limit at BamHI n'-z (Fig. 2 b) .
If the only HSV-2 sequences in RD2 were those described above then IRs would consist entirely of HSV-1 sequences. However, both copies of HSV-1 BamHI y and m' were absent from the digest of RD2 DNA (Fig. 1, lanes 2 and 5) suggesting the loss of HSV-1 sequences from IR s and hence the presence of HSV-2 sequences there. To determine the location of these postulated sequences the following experiment was performed. The L/S junction spanning fragments HSV-1 BamHI k and HSV-2 BamHI g and the co-migrating, putative RD2 equivalent (asterisked in track 2, Fig. 1 ) were isolated from an agarose gel and further digested with SmaI and SstI (tracks 9 to 14 of show profiles of the DNAs following digestion with BamHI and separation by electrophoresis on 1% agarose (tracks 1 to 3) and L.% acrylamide (tracks 4 to 6) gels. Tracks 7 and 8 show the fragments produced by recleavage of t!le XbaI i of RD2 and HSV-2 DNAs with BamHI and separation by electrophoresis on a 4 % poly~,crylamide gel. Tracks 9 to 14 show the fragments produced by recleavage of the L/S joint spanning fragments HSV-I BamHI k and HSV-2 BamHI g and the co-migrating, putative RD2 equivalent with Sinai (tracks 9 to 11) and SstI (tracks 12 to 14) and separation by electrophoresis on a 4% acryLamide gel. Tracks 9 to 14 are a composite of two autoradiographs of the same gel which have differen exposures. Asterisk indicates novel fragments produced on digestion of RD2 DNA (tracks 2, 7 and 10). The origin of those in tracks 2 and 7 is explained in the text while that in track 10 is produced from extension of HSV-2 Sinai B (in BamHI k) by additional sequences from HSV-2 Smal 1 (in BamHI g) (see Fig. 2 ).
site in H S V -1 B a m H I k and the H S V -2 SstI 1 -5 site in H S V -2 B a m H I g (Fig. 2c, d ). (lower) . Restriction sites are shown by short vertical lines. Those sites delimiting crossover events in the recombinant are indicated by a longer vertical line extending to the horizontal line which represents HSV DNA. Because the S region of HSV-2 is longer than that of HSV-1 (by approx. 3000 base pairs; Davison, 1981) it has been drawn shorter (in HSV-2 BamHI 1) in this figure and in Fig. 3 so that restriction sites could be aligned. Watson et al. (1981) , and, for HSV-2, from the data of Easton & Clements (1980) . Spliced regions in the HSV-1 mRNA are indicated thus (v). The absence of an indicated splice point in HSV-2 mRNA is not intended to suggest that none exists but merely that the mRNA has not yet been sufficiently finely mapped.
be excluded as RD2 DNA lacks HSV-1 BamHI m'. Further evidence for a crossover within BamHI g' can be inferred from the presence in the RD2 BamHI digest of a novel fragment which co-migrated with HSV-1 BamHI w and HSV-2 BamHI a'. The appearance of this novel fragment and loss of HSV-1 BamHI y would be predicted to arise from such a crossover since it would produce BamHI y sequence extended by additional sequences from HSV-2 BamHI g'. Finally, since there was only one species of joint spanning fragment in the digest of RD2 DNA, it follows that the crossovers in IR s and TR s within this fragment must be symmetric. Therefore, the right-hand end of the HSV-2 sequence in TRs is more precisely defined by the HSV-1 Sinai F-B and HSV-2 SstI 1-5 sites discussed above. The structure of (17 +) or mock-infected (MI) and IE polypeptides generated and labelled with either 135S]methionine (M) or 32p-inorganic phosphate (P) as described. The cells were separated into nuclear and cytoplasmic fractions and polypeptides were resolved by electrophoresis on SDS-polyacrylamide gels. A 5 to 12.5 % gradient gel was used for the nuclear fraction and a 15 % gel for the cytoplasmic fraction. The figure is a composite of autoradiographs of several different exposures and shows two experiments (a, b). The gel of a2p-labelled cytoplasmic polypeptides was exposed to film for 5 days (experiment a) or 7 days (experiment b) while that of 32P-labelled nuclear polypeptides was exposed for only 16 h (both experiments). The arrows indicate the position to which IE 12 would migrate if it were in the nuclear fraction.
the S region of RD2 as deduced from the data of Stow & Wilkie (1978) and the additional data presented here is depicted in the prototype arrangement in Fig. 3 . The genome structures of recombinants RD104, RDll3, RD213 and RD216 were determined by digestion of the DNAs with XbaI, HindIII, EeoRI, HpaI, BglII, KpnI and BamHI and separation of the fragments produced. From the data (not shown) the genome structures were deduced and the S regions are depicted in the prototype arrangement in Fig. 3 . Within the resolution afforded by these enzymes there was no evidence for crossovers additional to those shown.
Physical mapping of lE 12
An IE polypeptide of apparent mol. wt. about 12 000 is induced in cells infected with either HSV-1 (Watson et al., 1979; Preston, 1979b; Fig. 4) or HSV-2 (Fig. 4) . That induced by HSV-2, designated IE 12.3, migrated more slowly on SDS-polyacrylamide gels than IE 12 induced by HSV-1 (Fig. 4) . Fig. 4 shows that recombinants RD2, RD213 and RD216 induced a type 2 polypeptide whereas recombinants RD104 and RD113 induced a type 1 polypeptide. Correlation of these data with the genome structures of the recombinants ( Also shown in Fig. 3 are the locations of the mRNAs which potentially specify IE 12 (Watson et al., 1979 , 1981 ) and IE 12.3 (Easton & Clements, 1980 . From these data it can be concluded that IE 12/IE 12.3 must be coded for by the mRNA spanning TRs/U s with 5' end in TR s and 3' end in Us.
We also obtained a map position in IRs/U s for IE 68 by analysis of nuclear extracts of the same five recombinants (data not shown) and thus confirmed the position obtained by Anderson et al. (1980) and Mackem & Roizman (1980) for this protein.
Lack of phosphorylation of lE 12
Since ICPs 4, 0, 22 and 27 (IEs 175, 110, 68 and 63) are phosphorylated (Pereira et al., 1977) it was of interest whether the IE polypeptide IE 12 was also phosphorylated. To investigate this question cells infected with HSV-1 or uninfected cells were labelled, following release from a cycloheximide block, with [35S]methionine or [3:P]orthophosphate and separated by SDS-PAGE. The analysis was complicated by the fact that IE 12 migrated to nearly the same position as a minor cellular phosphorylated protein and, therefore, 32p decay from this protein would be expected to expose the film in the region of IE 12. However, we observed that this cellular phosphoprotein segregated with the nuclear fraction while IE 12 segregates with the cytoplasmic fraction (Preston, 1979b) . Therefore, cells were separated into nuclear and cytoplasmic fractions and separately subjected to SDS-PAGE. In agreement with previous reports IEs 175, 110, 68 and 63 were phosphorylated (Pereira et al., 1977) and accumulated in the nucleus (Pereira et al., 1977; Fenwick et al., 1978; Preston, 1979b) (Fig. 5) . Two experiments are shown since we observe that IE 12, like other IE polypeptides, is induced in variable amounts. Neither in experiment (a), with relatively low amounts of IE 12, nor in experiment (b), with larger amounts, could any phosphate label co-migrating with IE 12 be detected (Fig. 5, cytoplasmic fraction) . The sensitivity of the assay can be increased by prolonged exposure of the autoradiograph of phosphorylated cytoplasmic polypeptides. In the experiments shown in Fig. 5 (a, b) they were exposed for about sevenfold and ninefold longer respectively than was necessary to readily detect phosphorylation of IEs 175, 110, 68 and 63, thus strengthening the conclusion that IE 12 is not phosphorylated.
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DISCUSSION
This study was prompted in part by lack of a physical map location for IE 12. The data presented here map IE 12 unambiguously to the transcript from TRs-U s of the prototype genome arrangement . This result was based firstly on our identification in HSV-2-infected cells of an equivalent IE polypeptide designated IE 12.3 and secondly on correlation of the serotype of the IE polypeptide induced by five intertypic recombinants with their genome structures. The position we have obtained fits with that predicted by the DNA sequence data of Watson & Vande Woude (1982) and M. J. Murchie & D. McGeoch (unpublished results) . Both groups identified within the IE mRNA spanning the TRs/U s junction, a sequence in U s starting six bases from TR s, which could code for a protein with a molecular weight compatible with that of IE 12. Our result provides strong evidence that the sequence actually encodes IE 12.
IE 12, unlike the four IE polypeptides (IEs 175, 110, 68 and 63) , is found predominantly in the cytoplasm of infected cells (Preston, 1979b) . We have now demonstrated that lack of detectable phosphorylation also distinguishes IE 12 from the other IE polypeptides. We cannot of course rigorously exclude the possibility of low level or transient phosphorylation of this polypeptide and must restrict our conclusion to state that phosphorylation could not be demonstrated under conditions in which phosphorylation of IEs 175, 110, 68 and 63 was readily detected.
Immediate-early proteins are generally considered as candidates for regulatory functions. Indeed, continuous expression of IE 175 is necessary for both early and late mRNA synthesis infection (Watson & Clements, 1980) and in particular for the induction of thymidine kinase activity (Preston, 1979 a) . Its continued expression is also necessary for transition from IE to early protein synthesis and for inhibition of its own synthesis and that of other IE proteins (Dixon & Schaffer, 1980) . If IE 12 also has a regulatory role, for example in inhibition of host macromolecular synthesis, then its cytoplasmic location suggests its function will not directly involve DNA or chromatin and its lack of phosphorylation also suggests its role might be different from that of the other IE polypeptides.
